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Accepted 18 May 2016; Published online 30 May 2016AbstractBackground: In the development of search strategies for systematic reviews, ‘‘conceptual approaches’’ are generally recommended to
identify appropriate search terms for those parts of the strategies for which no validated search filters exist. However, ‘‘objective ap-
proaches’’ based on search terms identified by text analysis are increasingly being applied.
Objectives: To prospectively compare an objective with a conceptual approach for the development of search strategies.
Methods: Two different MEDLINE search strategies were developed in parallel for five systematic reviews covering a range of topics
and study designs. The Institute for Quality and Efficiency in Health Care (IQWiG) applied an objective approach, and external experts
applied a conceptual approach for the same research questions. For each systematic review, the citations retrieved were combined and
the overall pool of citations screened to determine sensitivity and precision.
Results: The objective approach yielded a weighted mean sensitivity and precision of 97% and 5%. The corresponding values for the
conceptual approach were 75% and 4%.
Conclusion: Our findings indicate that the objective approach applied by IQWiG for search strategy development yields higher sensi-
tivity than and similar precision to a conceptual approach. The main advantage of the objective approach is that it produces consistent re-
sults across searches.  2016 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The development of bibliographic search strategies for
systematic reviews is a complex task and also requires
detailed knowledge of the handling of databases. First of
all, the search structure needs to be specified. The research
question is commonly broken down into concepts, and only
the most specific ones are used to develop the strategy [1],
which generally includes the population, intervention(s),
and types of study design [2]. If appropriate, validated
search filters should be used [3,4]; these are predefined
search strategies designed to retrieve citations based on aFunding: None.
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licenses/by-nc-nd/4.0/).particular feature (most commonly the study design) [3].
However, little research is available on how those compo-
nents of the search strategy are developed and evaluated
that are not covered by validated filters (usually ‘‘popula-
tion’’ and ‘‘intervention’’). For these components, ‘‘concep-
tual approaches,’’ which are manual, are usually applied to
identify appropriate search terms for search strategy devel-
opment. In this type of approach, different sources are used
to identify terms and their synonyms to cover the research
question as comprehensively as possible [2,5,6]. However,
it remains unclear how to decide which terms to include
in the search strategy. Furthermore, it is difficult, if not
impossible, to determine when the strategy is complete.
An objectively derived search strategy (‘‘objective
approach’’) is an alternative approach that is increasingly
being used in search strategy development [7]. The objec-
tive approach applied by the German Institute for Quality
and Efficiency in Health Care (IQWiG) in systematic
searches is based on a structured procedure [8e10] and is
already well established in the development of search filterscess article under the CC BY-NC-ND license (http://creativecommons.org/
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Key findings
 The objective approach applied by Institute for
Quality and Efficiency in Health Care (IQWiG)
for the development of search strategies yields
higher sensitivity than and similar precision to a
conceptual approach.
 However, this objective approach does not neces-
sarily save time.
What this adds to what was known?
 This prospective study supports the results of a pre-
vious (retrospective) study. The objective approach
applied by IQWiG
E. Hausner et al. / Journal of Clin generates high-quality search strategies
 generates consistent search strategies
 is especially helpful for complex search
strategies
What is the implication and what should change
now?
 Objective approaches should be routinely used in
the development of high-quality search strategies.
 This is in line with the principles of evidence-based
medicine, that is, decision making on the basis of
empirical evidence.[4]. The objective approach comprises the following steps
[8,10]: generation of a test set (relevant references from,
e.g., systematic reviews), division of the test set into devel-
opment and comparator sets, development of the search
strategy with references from the development set
(analyzing information derived from the titles, abstracts,
and subject headings of relevant references with text-
mining tools such as WordStat [11]; see the IQWiG guid-
ance in Appendix A at www.jclinepi.com), and validation
of the search strategy (checking whether references from
the comparator set can be identified with the search strategy
developed beforehand) [9]. To identify previous systematic
reviews in the area of interest, the information specialist or
project manager conducts a preliminary search in biblio-
graphic databases such as the Cochrane Library or MED-
LINE. If systematic reviews are not available, a precise
strategy is developed and relevant articles are screened
and selected by the review authors [8]. The MEDLINE ref-
erences identified in the systematic reviews or in precise
searches are considered to be the test set.
In a precursor study, IQWiG retrospectively compared
its objective approach with a conceptual one. For thispurpose, studies included in 13 Cochrane Reviews were
searched for in MEDLINE and it was then tested whether
references that had previously been removed could be iden-
tified via the objective approach [9]. The study was de-
signed to demonstrate the noninferiority of the objective
vs. the conceptual approach; this hypothesis was confirmed.
In addition, the results indicated that the objective approach
might even be superior. However, the study had a number
of limitations. For instance, the retrospective design did
not allow a direct comparison of the two approaches, only
those Cochrane Reviews containing a minimum number of
publications were considered (which may have led to a
biased selection of topics), precision was not calculated,
and only limited data on the time required to develop the
search strategy were provided. These limitations were to
be taken into account in the present study.2. Objective
The aim of the present study was to compare an objec-
tive approach applied by IQWiG with a conceptual
approach applied by external information specialists with
regard to sensitivity and precision. In addition, the time
required to develop the search strategies for the two ap-
proaches was compared.3. Methods
The objective and conceptual approaches were
compared directly in a prospective study by means of
search strategies applied in a pool of systematic reviews
prepared by IQWiG or by external organizations. For this
purpose, we contacted information specialists from 11
German-language organizations between October 2012
and June 2013 and asked whether they were interested in
participating in the study. These organizations included
health technology assessment (HTA) agencies, private com-
panies/freelance consultants, as well as universities and Co-
chrane groups.
We aimed for a pool of systematic reviews that covered
a range of topics and study designs. We preferred those re-
views with research questions requiring complex search
strategies, that is, strategies where, for example, the vocab-
ulary used to describe the topic or study design is diffuse or
where various strands of PICO (or other concepts) are
applied. For resource reasons, the number of systematic re-
views considered was restricted to five (convenience
sample).
For each systematic review, two different search strate-
gies were developed for MEDLINE, one based on an objec-
tive approach (developed and applied by IQWiG) and one
on a conceptual approach (developed and applied by the
external experts). The evaluation of the approaches was per-
formed in MEDLINE, as this is the most frequently used
bibliographic database in medicine and health sciences [12].
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had to be used in the literature searches of the five system-
atic reviews to obtain a comprehensive pool of relevant ar-
ticles. Depending on the review methods and topic, further
sources included additional bibliographic databases (e.g.,
Embase, the Cochrane Library), trial registries, bibliogra-
phies of primary and secondary publications, and enquiries
to authors. This was to ensure that preferably all relevant
MEDLINE citations were identified, even if they originated
from other information sources; the resulting pool of MED-
LINE citations represented the reference set.
For each of the five systematic reviews, the citations
retrieved for each strategy (objective or conceptual) were
combined, the duplicates removed, the overall pool of cita-
tions screened, and the results documented. The study pool
for each review was then finalized and the relevant MED-
LINE references identified (reference set). This set was
used for the subsequent analysis of the sensitivity and pre-
cision of the MEDLINE search strategies based on the
objective or conceptual approach.3.1. Development of the search strategies in MEDLINE
The search strategies were only allowed to be published
once the final study pool for the respective systematic re-
view had been created. According to the research protocol,
IQWiG applied the objective approach as described in pre-
vious articles [8,9], and the external experts applied the
conceptual approach according to the internal requirements
of their organizations. All project managers involved in the
systematic reviews were prepared to answer questions
posed by the IQWiG or external information specialists.
For example, the IQWiG information specialists asked
questions about the relevance of individual systematic re-
views or primary studies.
The development of each search strategy (e.g., identifi-
cation of search terms and peer review) was documented
in detail; the (German-language) documentation is avail-
able from the authors on request.
We did not specify whether or not a search filter (e.g.,
study filter) was to be used, as this might have influenced
the way the search strategy was developed.
To enable a fair comparison of the two approaches, neither
IQWiG nor the external experts received each other’s search
strategies until completion of the searches. After the conduct
of the search, the project groups merely received a text file
with the search results. No information specialist involved
in the development of the search strategy was involved in
the screening or data extraction process.3.2. Statistical analysis
Sensitivity and precision were calculated for each
search strategy in each systematic review. Sensitivity re-
fers to the proportion of citations correctly identified as
relevant in relation to the overall number of all relevantMEDLINE citations. Precision refers to the proportion of
citations correctly identified as relevant in relation to the
overall number of MEDLINE citations identified. It was
assumed that the pool of relevant citations was complete
(see Section 3).
A weighted mean from these sensitivities was used as an
estimate of the sensitivity of the overall search strategy (see
Zhou et al. [13]). However, in contrast to Zhou et al., in the
present study, we weighted the sensitivity estimates by
means of the number of relevant citations per systematic re-
view; these weights were also considered in the estimate of
the standard error (see also [13]). This resulted in an
‘‘aggregated sensitivity’’ corresponding to the proportion
of citations correctly identified as relevant for all systematic
reviews in relation to the overall number of all relevant
MEDLINE citations for all systematic reviews; see also
[14]. We constructed the 95% confidence interval [CI] us-
ing the usual asymptotic CI [13]. Precision was calculated
using the same procedure, that is, using the same weights.
In addition, the time required to develop the search stra-
tegies for the objective and conceptual approaches was
compared.4. Results
Overall, it was difficult to recruit external organizations
with suitable systematic reviews: 7 of the 11 organizations
approached were interested in participating and were asked
to provide information on their professional experience
(e.g., reviews they had been involved in during the preced-
ing 3 years) and on any reviews planned in 2013. Of these
seven, two had no suitable reviews in 2013 and the remuner-
ation requested by one organization exceeded our budget.
The remaining four organizations comprised two HTA
agencies, one freelance consultant, and one Cochrane
group. The information specialists in these organizations
who were primarily responsible for the contribution to
our study had at least 4 years of work experience in the field
of information retrieval and were all selected for our study.
The search strategies were developed between June and
November 2013 (the complete strategies are included in
Appendix B at www.jclinepi.com).
4.1. Pool of systematic reviews included
Of the five systematic reviews included, two investigated
drug interventions (tyrosine kinase inhibitors, systemic
treatment for renal cancer), two investigated nondrug inter-
ventions (continuous interstitial glucose monitoring,
psychiatric rehabilitation), and one investigated the imple-
mentation of clinical practice guidelines; two were pro-
duced by IQWiG [15,16] and three by external experts
[17] (Table 1).
For the objective approach, records of the test set were
mainly obtained from preliminary searches for systematic
reviews (Table 2).
Table 1. Characteristics of included systematic reviews
Systematic review
Study design of
primary studies
Producing
organization OA applied by CA applied by
Continuous interstitial glucose monitoring
in insulin-dependent diabetes [16]
RCTs IQWiG IQWiG External
Implementation of clinical practice
guidelinesdobstructive and beneficial
factors [15]
RCTs IQWiG IQWiG Externala
Tyrosine kinase inhibitorsb RCTs External IQWiG External
Literature search and evidence synthesis:
S3 guideline renal cancer: efficacy and
safety of systemic therapyc
RCTs, safety studies External IQWiG Externala
Sustainability of inpatient psychiatric
rehabilitation in adults [17]
RCTs, non-RCTs External IQWiG External
Abbreviations: CA, conceptual approach; IQWiG, Institute for Quality and Efficiency in Health Care; OA, objective approach; RCT, randomized
controlled trial.
a Applied by the same external organization.
b Report not yet published; publication planned.
c Report not published.
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the MEDLINE search as well as the sensitivity and preci-
sion of the objective and conceptual approaches.
The median number of relevant MEDLINE citations per
systematic review was 19. In two of the five reviews, the
objective approach applied by IQWiG identified all relevant
MEDLINE citations; in each of the remaining three re-
views, one relevant MEDLINE citation was not found.
Two of these citations were not identified because of the
study filters chosen (‘‘adverse events’’ [18] and ‘‘RCT’’
[19]); the remaining citation was not identified because of
the lack of a synonym in the concept ‘‘patient population’’
[20]. The objective approach yielded an overall sensitivity
of 97% (95% CI 5 [94%, 100%]) and a precision of 5%
(95% CI 5 [1%, 10%]).
The conceptual approach identified all relevant MED-
LINE citations in only one of the five systematic reviews.
In the four other reviews between three and ten, relevant
MEDLINE citations were not identified, of which in one re-
view, no relevant MEDLINE citations were identified at all
by the MEDLINE search. The conceptual approach yielded
an overall sensitivity of 75% (95% CI 5 [47%, 100%]) and
a precision of 4% (95% CI 5 [0%, 8%]).Table 2. Objective approachdnumber of systematic reviews as well as
number of references for test set
Systematic review
Number of
systematic
reviews identified
Number of
references
identified for
test set
Glucose monitoring 6 30
Clinical guidelines 1 18
Tyrosine kinase inhibitors 1 12
Renal cancer 2 (þ3 for
adverse events)
38 (þ27a)
Psychiatric rehabilitation 1 13
a Additional references for checking the adverse event search
filter.The reasons why the conceptual approach failed to iden-
tify many citations differed between the systematic reviews.
For example, in the clinical guideline review, several con-
cepts were defined too precisely, so that at least two con-
cepts failed to identify relevant MEDLINE citations. In
the renal cancer review, the study filter used was designed
to search for RCTs and thus identified only an incomplete
number of safety studies (examples of validated adverse
event search filters are shown in [21,22]).
The fact that not a single relevant MEDLINE reference
could be found by the conceptual approach in the psychiat-
ric rehabilitation review might be due to the following two
reasons: The search strategy included an unsuitable NOT
operator (Appendix B at www.jclinepi.com, 5a, search line
31) and the search was strongly restricted by a very precise
search line (Appendix B at www.jclinepi.com, 5a, search
line 17). In the review on tyrosine kinase inhibitors (‘‘tyro-
sine review’’), three relevant citations were not identified,
as they had only recently been published and had not yet
been indexed; two of the three relevant citations could
not be identified because the AND link ‘‘Humans/’’ was
used in the search (Appendix B at www.jclinepi.com, 4a,
search line 40), and a further citation could not be identified
because of the study filter chosen [19].
In the tyrosine review, the values for precision deviated
substantially from those in the other reviews. We therefore
recalculated the results for the overall strategies, excluding
the results of the tyrosine review. Precision consequently
decreased for both approaches, but the results between
the approaches were still similar (OA: 0.0102 [0.0068;
0.0136] vs. CA: 0.0089 [0.0037; 0.0142]).4.2. Time required for search strategy development
It took between 10 and 25 hours to develop search stra-
tegies with the objective approach (mean: 16 hours) and 8
and 23 hours with a conceptual approach (mean: 17 hours).
Table 3. Citations retrieved in MEDLINE as well as sensitivity and precision of the objective and conceptual approaches
Systematic review
Number of
citations
retrieved Reference
set
Identified Sensitivity in % Precision in %
OA CA OA CA OA CA OA CA
Glucose monitoring 1,772 2,630a 15 15 15 100.00 100.00 0.85 0.57
Clinical guidelines 2,199 988a 21 21 14 100.00 66.67 0.95 1.42
Tyrosine kinase inhibitors 446 542 48 47 45 97.92 93.75 10.54 8.30
Renal cancer 1,261 948a 19 18 9 94.74 47.37 1.43 0.95
Psychiatric rehabilitation 1,331 127 8 7 0 87.50 0.00 0.53 0.00
Weighted mean in %
[95% CI]
7,009 5,235 111 108 83 97.30
[94%; 100%]
74.77
[47%; 100%]
5.13
[1%; 10%]
4.10
[0%; 8%]
Abbreviations: CA, conceptual approach; CI, confidence interval; OA, objective approach.
a Search via Pubmed; all other searches where conducted via Ovid.
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was similar (see Table 4).5. Discussion
The results of our study on search strategy development
in MEDLINE indicate that the objective approach applied
by IQWiG yields higher sensitivity than a conceptual
approach (97% vs. 75%). In four of five systematic reviews,
sensitivity was higher with the objective approach; in the
only review where sensitivity was the same, precision
was higher. Overall, the precision of the two approaches
was similar.
A finding of the preceding study [9] was confirmed,
namely, that a major advantage of the objective approach
is the production of consistent results across searches. In
contrast, with regard to the conceptual approach, in three
of the five systematic reviews sensitivity was less than
90% and this approach was thus suitable only to a limited
extent to identify a comprehensive pool of relevant citations
in MEDLINE. In four systematic reviews, the conceptual
approach failed to identify 28 of the relevant MEDLINE ci-
tations; the search in further information sources evidently
compensated for the deficits of the MEDLINE search strat-
egy here [23].
The consistency of the results of the objective approach
means that it is particularly useful for strategies where, for
example, the vocabulary used to describe the topic is
diffuse. As this may lead to a large number of citations be-
ing retrieved in a search, additional limitations have to be
introduced into the search strategy by the information
specialist (e.g., restriction to a certain disease stage). ThisTable 4. Time required for search strategy development
Systematic review
Objective
approach
Conceptual
approach
Difference
(in hours)
Glucose monitoring 25 12 13
Clinical guidelines 10 8 2
Tyrosine kinase inhibitors 10 23 þ13
Renal cancer 18 20 þ2
Psychiatric rehabilitation 18 20 þ2increases the risk of overlooking relevant citations. The de-
cision on the optimum structure of the search strategy, as
well as on the choice of free-text terms and subject head-
ings, is evidently easier ifdas in the objective approachd
the effects of different options are immediately displayed
using known relevant references (test sets). In the present
study, this was particularly the case for the clinical guide-
line, psychiatric rehabilitation, and renal cancer reviews.
The key component of the objective approach applied by
IQWiG is the generation of the test set, which comprises
relevant citations identified beforehand. This set supports
the development as well as the evaluation of the search stra-
tegies [24].
The present study was able to refute the concern that the
objective approach generates a ‘‘biased’’ search strategy
[25] and ‘‘only finds more of what is already known’’
[26] (‘‘hasty generalization’’ [27]). Theoretically, this can
happen when the citations used for the text analysis are
not representative, as the approach depends greatly on the
citations available. However, when analyzing the citations
of the test set of the objective approach, we found that
for the development of high-quality search strategies, these
citations did not have to precisely reflect the research ques-
tion of the systematic review. The test set in the present
study comprised between 12 and 65 citations per research
question (Appendix C at www.jclinepi.com); these citations
mainly originated from systematic reviews identified in a
preliminary search. A comparison of the citations included
in the test set and those included in the five systematic re-
views of our study showed that 86 of the 111 relevant cita-
tions were not known beforehand and were thus
additionally identified. Only between 3% and 58% of the
citations were included in the five systematic reviews. This
can be explained by the fact that, after further evaluation,
citations that had initially been classified as ‘‘potentially
relevant’’ were not included in the final study pools of
the systematic reviews as they did not match the specific in-
clusion criteria (e.g., for dosage).
The objective approach applied by IQWiG seems to
avoid hasty generalization, as the requirement applies that
the citations of the test set are identified both by free-text
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jclinepi.com). This requirement clearly has an impact on
the precision of the search strategy but also seems to make
search strategies more sensitive. In addition, the final step
of assembling the terms in the actual search is not per-
formed automatically, but manually in an iterative trial-
and-error approach.
Both approaches required a similar amount of time for
the development of the search strategies in MEDLINE. In
this context, it is surprising that the development of search
strategies regarded as more complex (clinical guidelines,
psychiatric rehabilitation) did not require more time than
the development of more conventional strategies (drugs
and nondrug interventions). There was also no association
between the time required to develop the search strategies
and the results for sensitivity or precision. The mean time
required (16e17 hours) is similar to that reported by Shea
et al. [28] (18 hours). However, they considered further in-
formation sources such as Embase and CINAHL, whereas
we only considered MEDLINE.
Finally, it should be noted that the quality of search stra-
tegies does not necessarily reflect the quality of the system-
atic review itself. As Sampson [23] has shown, searches in
several databases may compensate deficits of single search
strategies. In both the IQWiG and external systematic re-
views, further information sources such as additional
bibliographic databases, reference lists, trial registries, or
queries to authors were used; this resulted in a more com-
plete study pool, especially for searches based on the con-
ceptual approach.5.1. Limitations
Our study has a number of limitations; for instance, the
implementation of the conceptual approach varied, as the
study was conducted within real-life projects where the re-
quirements of the respective organization applied:
 In contrast to search strategies based on the objective
approach, peer review was not performed for all stra-
tegies based on the conceptual approach (peer review
was not a prerequisite for participation in the present
study; however, any measures applied were to be
documented in a supplement).
 Participants used different search interfaces (Pubmed,
OvidSP), which might have had an impact on
retrieval results [29,30]. In addition, the searches
based on the objective or conceptual approaches were
conducted at different times (between a few days and
6 months difference).
 In some systematic reviews, MEDLINE duplicates
were removed; in others, they were not; MEDLINE
duplicates were thus subsequently deleted from the
search results, leading to differences in precision.
 An additional search in Pubmed for new, nonindexed
citations is a standard component of the objectiveapproach applied by IQWiG. The citations identified
via Pubmed are then deducted from the citations iden-
tified in MEDLINE (via Ovid). In consequence, in the
glucose monitoring review, the search result in MED-
LINE (Ovid) did not include two relevant citations for
procedural reasons, although they had been identified
with the search strategy based on the objective
approach. Both the Pubmed and Ovid search strate-
gies were therefore used for the evaluation of the
glucose monitoring review. As in the case mentioned
previously, this procedure also affected the precision
of some of the search strategies. However, in both
cases, this was necessary to ensure a fair comparison
of both approaches.
A further limitation is the small sample size (five sys-
tematic reviews); the superiority of the objective approach
could thus not be shown by means of a statistical test.
Finally, in the present study, the objective approach was on-
ly applied in MEDLINE. In our opinion, it could also be
applied in other databases; however, this needs to be
evaluated.6. Conclusion
Our findings indicate that the objective approach applied
by IQWiG for the development of search strategies yields
higher sensitivity than and similar precision to a conceptual
approach. The main advantage of the objective approach is
that it produces consistent results across searches. However,
there is no advantage with regard to the time required to
develop a search strategy.Acknowledgments
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